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Supplement to Users Manual for SWIFT, VERSION TUB/PTC

Freewater Surface

1. Mathematical background

In the simulation of shallow aquifer systems, it is often
desirable to include the effects of the freewater surface,
also referred to as water table conditions. This may be
accomplished by allowing finite-difference blocks to drain
(dewater), resulting in reduced block-to-block transmissi-
bilities and release of water in accordance with the drainage
capacity of the block.

In the code, pressures are evaluated at block centers. The
position of the freewater surface is determined by the pres-
sure. The block saturation is the fractional amount of the
block below the water table. For a particular block, the

position is calculated relative to reference pressure as:

n
P _po

Sgyg = —————— ¢ 0.5 . (s-1)
pbzg/g,

In other words, for the water table to be at the top of the
block,

= 1 (s-2a)
or

P = Pyt 1/20Azg/gc . (S-2b)



and for the water table to be at the bottom of the block

or
n

P = Py ~ 1/2pb29/9, . (5-3b)

The amount of water contained by storage in a partially satu-
rated freewater block is:

Vfw = AxAyAzOo (8-4a)
or
Vfw = swa . (S-4Db)

Otherwise for blocks that are fully saturated

V = AxAyAzO |1 + C_(p - p,) (S-5)

The approach is consistent with other codes such as the modu-
lar U.S. Geological Survey code [McDonald and Harbaugh, 1984].



2. Implementation

The freewater surface option impacts the accumulation and
transmissibilities of the pressure equation. In this section
the implementation of transient and steady-state flow solu-

tions is presented.

Equations (S-1) and (S-4) are used to modify the expansion
of the accumulation terms (INTERCOMP, 1976) as follows

(SpV) S§(pVv) + pVds (S-6)

s(vPsp + o™ lev) + pves . (S-7)

Here the first term is the same as for saturated flow, as
multiplied by the block saturation. This represents compres-
sible fluid accumulation or confined aquifer storage. The
second term is the release of water from drainage or an un-
confined yield. The latter term dominates in typical appli-
cation, thus allowing transient, as well as steady-state,

phreatic conditions.

To account for the reduced cross-sectional area available
for flow in a partially saturated block, the fluid trans-

missibilities are modified as follows:

Togx = Tuxx® (5-8a)
T = T S S-8b
Wyy Wyy ( )
Tsz = Tsz (S-8¢c)

where the saturation is allowed to vary between 0.001 and 1.0.
Only the horizontal components are modified to reflect the re-



duced area available for flow. A minimum saturation is main-
tained such that blocks that fully desaturate may be resatu-

rated in subsequent time steps.

Within the model special consideration has been given to the
accumulation terms in Equation (S-7). According to numerical
investigations it is necessary to separate the implicit and
explicit components. Depending upon whether the freewater sur-
face is above, within, or below a grid block before and after
a time step (before or after an iteration for steady-state),
special handling of the terms is required. The logic is de-
tailed in subroutine SCOEF.



3. Verification

The following figures are showing a verification example for
the implemented freewater surface option. The example is based
on an analytical solution by Polubarinova-Kochina (Bear, 1972;
page 384). It is showing the desaturation and the resatura-
tion procedure for a multilayer system. The accordance between

the numerical and the analytical solution is quite good.



A. Multilayer desaturation
20 layers: Az = 0,05 m

7

t3 ——m8m— t

< t, < t

Initial condition : h (x,t=0) = 1,0
Boundary conditions: h (0,t>0) = 0,5
h (a,t>0) = 1,0
B. Multilayer resaturation
tp <ty
- 1,0m
B =~
——
ho)=0,5 1=t 2 ~——— {
L 1
Initial condition : h (x,t=0) = 0,2
Boundary conditions: h (o0,t>0) = 0,5
h {a,t>0) = 0,2
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SWIFT FREE-WATER SURFACE : MULTILAYER DESATURATION

— Analytic
a-x=0,025m

o-x =0,125m

Graphical solution:
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SWIFT FREE-WATER SURFACE: MULTILAYER RESATURATION

1,07 Analytic
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Graphical solution:
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